Abstract: Buildings are important elements of cities for VANETs, since these obstacles 1 may attenuate communications between vehicles. Consequently, the impact of buildings has 2 to be considered as part of the attenuation model in VANET simulations of urban scenarios.
Related Work

49
Vehicular Ad-Hoc Networks (VANETs) are aimed at supporting advanced, reliable, fast and secure 50 data delivery among vehicles in roads, both for safety and non-safety applications. When simulating, the 51 performance and optimization of VANET configuration strongly depend on the simulation settings and 52 on the modeled environmental conditions. Both of these parameters must be considered in order to have a realistic scenario. Some research can be found in the literature about the impact of simulation settings 54 in VANET scenarios. Particularly, obstacle modeling is the focus of our contribution in this paper. In the 55 following we highlight some current interesting proposals.
56
In [2] the authors considered three different states for the mutual positions between each transmitter 57 and receiver devices: Line-of-Sight (LoS), Near-Line-of-Sight (NLoS) and non-Line-of-Sight (nLoS).
58
These states are used to categorize the existing condition between two nodes in a fast and straightforward 59 fashion, by discretizing x,y positions into x*,y*. Each one of these states, that depends on the line of gains, and L reflects the loss effects during transmission.
In order to include the influence of the the obstacles in the LOS between sender and receiver, the 95 equation (4) was extended to get equation (5),
where L obs captures the additional attenuation caused by an obstacle in the transmission process,
97
based on the number of times n that the border of the obstacle is intersected by the LOS, and the total 98 length d m of this intersection. In equation (5), β represents the attenuation caused by the outer wall of a 99 building and γ is an approximation of the internal structure of a building. These parameters are used to 100 adjust the model for managing the influence of different kinds of buildings when setting urban scenarios.
101
In order to improve VANET simulation results, the authors of [7] 
is used as the distance between the transmitter and the receiver.
115
L LOS = 7.2 + 7.1 · log ht·hr λ
L N LOS = 47.6 + 6.6 · log ht·hr λ
The authors in 
153
• It relies on real measurements taken with IEEE 802.11p devices.
154
• It is based on a simple modification of the free-space model, that captures the building attenuation
155
with two easy-to-compute parameters.
156
• Its implementation in a simulator is straightforward, and it is preloaded in VEINS, one of the most 157 used VANET simulators. would be close to the obtained using a more realistic channel model, as we will see in section 4. 
180
This approach requires the quantization of the movements on the streets in the simulation scenario. 
191
For our work, we use a quantization process to determine the vehicles' positions in discrete moments.
192
The pre-computed attenuation values should be stored in an fixed format to allow us an efficient retrieval 193 to the nodes during simulation. We use an extended version of the output format proposed in [13] , which 194 includes the length of the quantization step.
195
The format for the output file is depicted in Figure 5a , where the first field, N , is the number of nodes;
196
T is the simulation time;
Step is the quantization step time, and Records is the number of discrete values . Pre-computed attenuation file format with its corresponding localization value algorithm used in this work.
In general
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Step Src and Dst at the time t) is located can be found in Figure 5b . This algorithm swaps the role of the 
Simulations and Results
216
In this section we describe the most relevant aspects of the configuration in our simulations. We If the power computed in the reception of a packet is lower than a minimum threshold, then the 231 packet is discarded and it is not processed by the physical simulator's module. This threshold is typically 232 obtained as a small fraction of the Nyquist noise associated to the channel (see Fig. 6 ).
233
Physical layer module. When a packet is received by this module, it is checked against the antenna and destinations for each vehicle. These points are located with higher probability in areas specified by 275 the user. The path for a specific start and end point is computed through Dijkstra's algorithm in a directed 276 graph (as a GPS-based navigation system computes a route). SUMO provides a realistic driver behavior 277 in the route followed by car during a movement simulation. We exported the NS-2 traces to Estinet 278 including the building information (orange lines, see Fig. 7 ) using our own translating software 1 .
279
The scenarios also consist of fixed nodes which are henceforth called access points or AP(s). The
280
AP enables the connection, directly or by using multiple hops, to the services in the network. Barcelona scenario only includes one AP (see Fig. 7c ), while the Tarragona area has 6 access points (see Fig. 7d ).
282
We considered four vehicle density of 67, 100, 133 and 167 cars per km 2 . Each of these densities could 283 represent different situation of a day; for instance early morning, night, morning/afternoon and rush 284 hour. The objective of using four arbitrary different densities is to test if the difference among the results
285
coming from the models depends on the density of the scenario. A high vehicle density helps to avoid 286 discarding packets, since a suitable next forwarding hop would surely be always available; however, data 287 transmissions would be more prone to be interfered.
288
Each node during the simulations, sends 1000-Byte packets to the destination APs, during 300 289 seconds. In the case of Barcelona, the inter-packet time follows a uniform distribution between 2 and 6 290 seconds that has a mean of 4 seconds. On the other side, in the Tarragona scenario we consider that this 291 time is exponentially distributed with a mean of 4 seconds but truncated between 1 and 10 seconds. 
Simulation Results
297
In this section we present some results from comparing the simulations of the three aforementioned 298 attenuation models: realistic, total blockage of signal and pre-computed attenuation. The evaluation is 299 focused on four widely used metrics applied to the performance analysis of VANET routing protocols.
300
These metrics are percentage of packet losses, average delay, average number of hops, and average 301 number of neighbors. Figure 8 illustrates these results for four node densities.
302
The Mixed ANOVA statistical test [20] was employed to check if the performance metrics differences 303 among attenuation models depends on the vehicle density in the evaluated area. There might be a 304 relationship since a great number of nodes may generate more collisions and higher levels of interference.
305
We use Mixed ANOVA because for each vehicle density, the same ten vehicle movements were used to 306 test the attenuation models. For Mixed ANOVA, our data is organized in twelve groups that are obtained 307 by combining the three building attenuation models with the four vehicle densities in the simulation. All 
312
The p-values which we obtained from checking the dependency between the attenuation model and 313 the vehicle density are depicted in density independently. According to Mixed ANOVA results, the differences among this metrics depend 329 on the vehicle density used in the simulation.
330
Due to the post-hoc test (ANOVA with repeated measures) requires to meet the same assumptions 331 of Mixed-ANOVA, and even when this test is robust to violations of these assumptions, we decided to 332 apply the equivalent non-parametric tests to asses the difference among the attenuation models, because 333 our data conform to their requirements 2 . The Table 3 there is statistically significant differences among the building attenuation models.
336
As the reader can notice, none of the p-values of the For our data, both kind of tests, parametric and non-parametric, agree with the same decision in all the post-hoc tests performed in this work. There is not a well accepted non-parametric statistical test equivalent to Mixed ANOVA (b) Tarragona scenario. 6 APs. Exponentially distributed traffic vehicle density in Tarragona scenario -see Table 2b ) is significant, the Friedman tests performed per 346 vehicle density do not detect any difference in all the cases. One reason that explains this result is that 347 the effect size of the interaction is lower in the Barcelona scenario.
348
We used pairwise comparison to determine the models among which there exists a difference in terms 349 of the performance results. Table 4 shows This behavior is explained since the communications between obstructed nodes are not the rule and 367 most of them entail high error probabilities. As consequence, the differences in the performance metrics 368 are small in our simulations scenarios, as it is shown in the column of reported medians.
369
Regarding the comparison between the realistic channel model and the pre-computed attenuation 370 approach, it can be noticed (See row 8, 14 and 17 in Table 4a ) that there is not statistically significant Table 4a ). Notice that, Table 4b ), but in this case there are only significant 375 differences in average end-to-end delay and average number of hops.
376
For both scenarios, the median of the pre-computed attenuation performance results are not so far 377 from the medians in the realistic scenario. The presence of differences between aforementioned models 378 is a consequence of the discretization process done in the pre-computed attenuation approach.
379
Lastly, total blockage and pre-computed building attenuation models are compared in order to get an 380 idea of the existing differences between these approaches and the realistic channel model. The reader 381 can observe from Table 4a in the case of the Barcelona scenario and Point. Also, differences in the average number of nodes between these two models appear only for the for traffic generation was used in each urban scenario.
• Results of statistical tests carried out with four performance metrics (percentage of packet losses, end-to-end delay, average number of hops and neighbors) show differences when employing different 395 attenuation models.
396
• A complete attenuation of signal due to the presence of buildings, and pre-computed attenuation 397 models in our simulations can be considered for both scenarios pessimistic bounds for all performance 398 metrics.
399
• We did not find that the differences in the performance metrics are affected by the vehicle density 
